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This research focuses on the use of historical freeway traffic data for comparison of the 
precursory traffic conditions to that accident occurrence by using 15-minute traffic speed 
contour maps. The second order statistics measures, namely angular second moment 
(ASM), contrast and entropy were used as the traffic performance measures in order to 
compare the two situations. The data used is from I-4 freeway traffic condition database, 
stored in a SQL server and 1999 year accident database for the same I-4 freeway. The study 
section is located in Orlando, Florida. The approach shows an approach to understand the 
























 Traffic incidents are obstructions or restrictions to traffic flow, such as stalled 
vehicles, accidents, construction and maintenance activities, adverse weather conditions, 
or special events. It is estimated that over half of the traffic congestion in the U.S. is 
caused by incidents. Incidents such as accidents, construction and maintenance activities, 
adverse weather conditions, parades, sporting events, tourist attractions, or other events 
can cause congestion by temporarily increasing demand or reducing the capacity of the 
transportation network (U.S. DOT Report 1998).Accidents are one of the incident 
categories on a freeway.   
  Research studies dealt traffic measures and accidents of freeway 
operations. However, only a few have addressed the problem at large scale operation, yet 
with first-order statistical measures only. For example, Kwon attempted to capture 
special features and trends in travel times from day to day (Kwon et al. 2000). Traffic 
conditions data include speed, occupancy and volume of the vehicles along the freeway. 
Earlier studies analyzed long-term historical data such as annual average daily traffic 
(ADT) to identify causes of accidents Gwynn (1967). Gwynn suggested that the number 
of accidents is directly proportional to various exposure levels of the vehicular traffic. 
Additionally, Davis (1997) recently came up with updating average daily traffic with 
more accuracy facilitating to relate accidents and average daily traffic (ADT) in other 
terms. 
  Researchers have also identified relationships between traffic variables or 
geometric elements and the number of accidents (Krammes 1992).Thus, these studies did 
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not measure the traffic conditions, rather they tried to classify the traffic into levels and 
variables to relate them with accidents. However, traffic conditions could be measured 
from the loop detector data. Quantifying certain basic properties of the traffic conditions 
using first order statistics like travel time, speed, delay, and volume does not satisfy the 
cost and effort involved in collecting the traffic conditions data through these traffic 
surveillance systems. By using certain statistical approaches like using second order 
statistics. The measures like entropy, contrast etc could help us to reveal the properties 
like randomness, homogeneity, regularity etc of the traffic conditions in a freeway. 
 Recently, incident detection technologies have revolutionized the way we study 
traffic conditions. More studies are being focused on the change of traffic conditions after 
an incident occurrence (Ishak and Al-Deek 1998 and 1999; Cheo et al. 1999). Traffic 
surveillance systems are the backbones of such studies and are very costly to implement. 
From an operations standpoint, the most important function of a traffic surveillance 
system is to determine reliability, whether the facility is free flowing or congested. 
Second, responding rapidly when the facility becomes congested.  
1.1 Problem Statement 
   Advance Traveler Information Systems (ATIS) have various safety impacts on the 
transportation networks, particularly in freeway congestion identification which would 
benefit drivers and traffic managers. Thus, the identification of traffic congestions 
becomes more reasonable. Accidents occur due to many reasons, some of them being 
geometric elements of the roadway section, drivers and/or weather conditions. A general 
assumption is that bad traffic conditions lead to accident occurrences. But the question 
arises, how bad must these conditions need to be? Therefore, the issue, whether a 
 3 
relationship exists between precursory traffic conditions and accidents occurrences needs 
to be answered. If so, how significant are the traffic condition measures in describing the 
accident occurrence condition.  
1.2 Study Objectives 
  The main goal of this research study is to answer whether the existing precursory 
traffic conditions lead to accidents by accomplishing three major objectives: 
1. Discussion of new traffic performance measures for freeways. 
 
2. Examine the performance of freeway section under precursory traffic condition and 
accident occurrence.  


























 Accident analysis and prevention are the most important aspects of transportation 
studies, because they are associated with human life. Thus, a part of the literature review 
is concerned with various accident studies. This chapter mainly consists of two sections. 
Section one concentrates on the update of the research work being carried out in the field 
of accident studies. Section two discusses the accident and traffic condition measures 
which are used for describing the accident. The second section helps us to better 
understand the accidents and traffic conditions. The research efforts could be divided into 
the following categories. 
2.1 Research Efforts 
2.1.1 Accident Studies Involving Geometric Design and Safety  
 Accident studies in this field, focused on the relationship between geometric 
designs to accidents, the results contributed in improvement of highway designs and to 
eliminate hazardous locations. The effects of road variables such as weaving sections, 
horizontal curvature and safety issues in causing accidents have been studied more often. 
Considering the design of the weaving section, Krammes (1992) evaluated the effect of 
geometric inconsistency of weaving sections on safety.  Steward et al. (1996) found that 
the number of lanes in a freeway was the most critical factor in determining the capacity 
of the weaving section, which in turn affects the accident rates. Analyzing safety issues, 
Egeer et al. (1989) compared eight major freeway locations for safety rankings, and 
found significant discrepancies between predicted and measured average speeds of 
 5 
weaving and non- weaving sections. These variances in predicted and measured average 
speeds lead to the poor design of weaving sections. Considering the importance of 
medians, Squires (1989) compared median type by accident rate. The study showed that 
there are certain median types which cause fewer accidents as compared to other 
medians. Thus, these studies realize the importance of designing the geometric elements 
with due care. 
2.1.2 Traffic Volumes/Capacities and Accident Studies  
 Many studies have investigated the relationship between traffic volume and 
accidents. Belmont (1953) found for two lane sections, the accident rate increases almost 
linearly with the traffic flow rate but   four lanes, Gwynn (1967) has concluded that for a 
four-lane divided section, a U-shaped dependency exits between accident rate and traffic 
flow rate. This fact was again proved recently by Chang (2000).  Thus, it is generally 
perceived that accident rates on highways increase with higher traffic volumes. However, 
existing research shows that the relationship between traffic volume and accident rates is 
not so simple. 
  Considering the effect of an accident on capacity of the freeway, Goolsby (1971) 
related reduce capacity and accidents. Goolsby estimated that an accident or disabled 
vehicle blocking one of the three lanes will result in an average capacity reduction of 
50%. Other conclusions from his study were that an accident blocking two of the three 
lanes will reduce the capacity by an average of 79%, and a vehicle blocking the shoulder 
will reduce the capacity by an average of 33%. Thus, accidents have freeway capacity 
reducing effect which affects the economy indirectly.  
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2.1.3 Accident Studies Involving Weather Conditions   
  Edwards (1998) investigated the relationship between the recorded weather and 
road accidents in England and Wales. Accident severity for various adverse weather 
categories of rain, fog, and high winds were compared with non-hazardous fine weather 
conditions. The results showed accident severity decreases significantly in rain as 
opposed to fine weather. Fridstorm et al. (1995) carried out a similar study and measured 
the contribution of randomness, exposure, weather and daylight to the variation in road 
accident counts.  
2.1.4 Accidents Studies Involving Real Time Applications  
 The online applications using real time data have become a recent trend in 
research studies. In a research study, Cheol (2000) focused on the use of real time 
freeway data and a Bayesian probability concept for potential use in preventing accidents 
by identifying the traffic cond itions, which led to accidents. Also, Abdel Wahab (2001) 
used the concept of negative binomial modeling and the data from the I-4 freeway in 
Orlando, for identifying the precursory conditions which would lead to accidents. In the 
study, negative binomial modeling was used to estimate the real- time traffic conditions 
under which the real time accident likelihood could be estimated. The approach proved 
definitive in identifying the real time traffic conditions under which an accident could 
occur.  Considering routing issues, Kaysi et al. (1993) developed an application to predict 
congestion and therefore helped route guidance. He suggested that routing decision 
should be based on forecasting future traffic conditions rather than historical traffic 
conditions. Thus, the applications and real- time data involvement has been beneficial in 
understanding the properties of the freeway conditions and accidents. 
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2.1.5 Traffic Studies Involving Image Analysis 
    Various techniques have been developed in the field of image analysis to 
characterize an image and its textures (Theodoridis and Koutroumbas 1999).These 
techniques are also being applied to quantify the properties of the traffic conditions in a 
freeway like smoothness, homogeneity etc (Ishak, 2004).In an another recent study, 
Kwon attempted to capture special features and trends in travel times from day to day 
data (Kwon et al. 2000). In that study, the authors highlighted some issues related to  
 
 









Figure1:  Interaction of accident causing elements 
Source: Cheol Oh, Jun-Seok Oh, Stephen G.Ritchie and Myungsoon Chang (2000) 
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feature extraction, and proposed an unusualness measure for each day of traffic by 
comparing it with the average. Thus, we see that there is a further research scope by 
defining more traffic measures to describe the traffic conditions. These traffic measures 




 When an accident occurs, various accident causing elements interact. Figure 1 
shows the interaction of accident causing elements. There are separate traffic and 
accident measures to describe traffic conditions and accidents respectively. But very 
often, the traffic elements and measures do not show any relationship with accident cause 
and condition. This leads to the need of measures which describe traffic as well as 
accident conditions. The study involves understanding of the traffic and accident 
conditions before and after the accident has occurred, traffic measurements which 
describe both traffic and accident conditions have to be developed and measured.  
  The background section is divided into two sub sections. The first section, 
discusses accidents and measures. In brief, accident studies involve concepts like types of 
congestion, accident statistics and measures like accident rates and their use. The second 
section involves a discussion of traffic measures to describe the traffic and accident 
conditions. The measures, angular second moment (ASM), contrast and entropy  which 
are second order statistics measures, describe properties like smoothness, homogeneity, 
regularity, and randomness of  both traffic and accident conditions. These properties have 
more advantages compared to properties derived from first order statistic measures and 
thus have been taken in this research. 
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2.2.1 Accidents – A Brief Description 
 
  Accidents lead to congestions. Thus, we start with a discussion on congestion.  
Two types of congestions are more prevalent in freeways. They are recurring congestions 
and non-recurring congestions. Congestion is said to be recurring when it is triggered by 
a daily event or a periodic event. Congestion is said to be non-recurring when the actual 
congestion occurs periodically within a day, but at a well known problem locations    
2.2.2 Accident Rates  
 
 Accident statistics studies are most often used to describe three principal 
informational elements. They are accident occurrence, accident involvements and 
accident severity (Baerwald, J. E). Simple statistics citing the total numbers of accidents 
could be misleading. An increase in the number of accidents, for example, 10% from one 
year to the next year appears to depict a serious problem. However, if in the same year, 
vehicle- miles of travel increase by 25 %, the rise in accident totals does not appear to be 
as serious even though this situation depicts the same seriousness in the problem. For this 
reason, many tallies are presented in the form of rates. 
 Accident rates may generally fall into one of two broad categories: population –
based rates and exposure-based rates. Some common references for population-based 
rates include area population, number of registered vehicles, and number of licensed 
drivers. Exposure-based rates attempt to account for the amount of travel as a surrogate 
measure for the individual’s exposure to potential accident situations. The two most 
common references used for exposure-based rates are vehicle-miles of travel and vehicle 
– hours of travel.  
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 Significantly important, is accident reducing remedies. Accident -reducing 
remedies at locations are of two general kinds: those to prevent specific kinds of 
accidents and those to prevent accidents in general. The customary way to assess the 
effect of improvements has been to count the number or estimate the percent of accidents 
likely to be avoided by the improvement in a specified period, regardle ss of severity of 
the accidents. Often there is no alternative to this simple procedure, because the only 
information available is the total number of accidents.  
2.2.3 Role of Congestion in a Freeway Accident  
 
 The role of congestion in an accident could be best explained by mentioning the 
research which was undertaken a few years ago. An investigation was undertaken in the 
research sponsored by the American Association of State Highway and Transportation 
Officials in Cooperation with the Federal Highway Administration (Accident Mitigation 
Guide 2000).This investigation used traffic volume and accident data for selected two- 
lane highway sites in five states. Accident frequencies, accident rates, accident severity 
distributions and accident type distributions were determined for the sites in each state as 
a function of traffic operational level of service (LOS). 
 The conclusions of this evaluation were as follows: 
• There is no clearly defined relationship between accident rate per million vehicles 
-kilometers and level of service (LOS). Different trends were found in different 
states and no definitive conclusion could be reached.  
• The proportion of fatal and injury accidents increases as congestion increases 
under daytime conditions. The proportion of fatal and injury is lowest at LOS A 
(45.0), is higher for LOS B through E (53.6), and is highest for LOS F (69.1) 
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• The proportion of multiple vehicle accidents increases and the proportion of 
single-vehicle accidents fall as congestion increases for LOS B through E under 
daytime conditions. The trend of increasing multiple-vehicle accidents with 
increasing congestion is primarily due to the increase in the proportions of rear-
ends and side sweep. 
2.3 Traffic Performance Measures  
 The features resulting from the first order statistics like mean, standard deviation, 
etc. provide information related to the gray level distribution of a digital image. Here, 
the image is reference to spatiotemporal traffic conditions of the freeway. The first 
order statistics do not give any information about the relative positions of the gray 
levels within the digital image. This type of information can be extracted from the 
second order statistics.  The statistical approach adopted in second order statistics 
relies on relative distances and relative orientations between a point and all of its 
surroundings in the time space domain of a traffic contour map. There are certain 
traffic performance measures that come under the category of second order statistics. 
They are angular second moment (ASM), contrast, entropy, etc. to name a few. They 
have been developed to describe traffic conditions. They measure and reveal different 
properties of the traffic conditions. For further analysis, the traffic conditions could be 
represented as spatiotemporal image and is composed of artificially constructed pixels 
in two dimensions: time and space. The intensity at each pixel can be expressed in 
terms of three traffic parameters (speed, volume, occupancy) that are observed in real 
time at fixed time intervals(usually  30 seconds). The term ‘traffic contour map’ is 
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also used for the spatiotemporal image of the traffic conditions of the freeway at a 
 
















        Figure 3: Spatiotemporal traffic contour layout represented by traffic parameter I 









given time period. A typical traffic speed contour map is shown in Figure 2. Traffic 
contour maps could be used to identify valleys of low-speed or high density regions. A 
spatiotemporal traffic contour layout represented by a traffic parameter I is shown in 
Figure 3. The traffic measures are discussed in the next section. 
2.3.1 Angular Second Moment (ASM) 
 
 ASM is a measure of texture smoothness of digital images.  If all point 
measurements in a spatiotemporal traffic contour map are identical, then the texture of 
the map can be characterized as smooth. “Smoothness” in this context does not imply 
free-flow conditions, but rather uniform transitions or minor perturbations.  On the other 
hand, low ASM indicates non-uniform transitions or high perturbations in traffic 







ASM P i j
− −
= =
= ∑∑  (1) 
Where, 
P(i,j) = the probability of observing adjacent pairs of traffic contour map pixels with 
values i and j in all possible orientations (Ishak, 2004). 
 
2.3.2 Contrast (CON) 
 
 The measure of contrast is typically used to indicate the local color variations in a 
digital image. Similarly, in a spatiotemporal traffic contour map, contrast emphasizes 
local variations in traffic conditions. The degree of local variations indicates the severity 
of disturbance in the region considered. Since traffic contour maps are spatiotemporal in 
nature, the local variations can be temporal (horizontal), spatial (vertical), or 
spatiotemporal (angular). High contrasts exhibit severe local disturbances that could be 
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attributed to heavy weaving or merging maneuvers and abrupt changes in demand or 



















∑ ∑∑  (2) 
  n refers to the difference in the intensity levels of a pair of pixels in a digital image.  For 
a spatiotemporal traffic contour map, this refers to the difference in the traffic parameter 
values of two adjacent point measurements either temporally, spatially, or 
spatiotemporally(Ishak, S 2004). 
 
2.3.3 Entropy (H) 
 
 Entropy is used to quantify the expected amount of surprise or uncertainty in a 
random variable.  Entropy is considered to be the average amount of information received 
when a random variable is observed.  Also, entropy can be used to measure the amount of 
randomness in a digital image.  For a spatiotemporal traffic contour map, entropy can be 








H P i j P i j
− −
= =
= ∑∑  (3) 
Where, 
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x and t refer to the spatial and temporal dimensions of the traffic contour map, 
respectively.  High values of entropy indicate high randomness in traffic conditions and 
vice versa (Ishak, 2004). 
2.4 Summary for Traffic Performance Measures 
 In summary, the second-order statistics traffic performance measures namely, 
angular second moment, contrast and entropy are discussed. They describe the properties 
such as smoothness, homogeneity, regularity, and randomness in traffic operations which 
are directly extracted from the spatiotemporal maps. Each of the three measures would be 


















ACCIDENT DATA ANALYSIS 
 
 This chapter explains in brief the study site, accident data collection and 
verification. Also included in this chapter are an explanation of accident data 
characteristics and precursory traffic conditions. The data collection, a crucial stage in 
this research study, involved two major tasks. The first task involved the compiling and 
verification of accident data on the study section of I -4 from the possible source, in our 
case the Maitland Police Department. The study site exists within the jurisdiction of 
Maitland Police Department. The second task involved extracting the loop detector data, 
i.e. the traffic conditions; occupancy, volume and speed every 30 seconds during the 
same time periods when accident has taken place. 
3.1 Study Site 
 Traffic surveillance systems are important component s in the implementation of 
intelligent transportation systems. As the data collection procedures and technologies are 
continuously being improved, the real time information is being streamed as well as 
stored with more ease. This study would have been impossible without these changes in 
technology.  The study was conducted with the data collected from freeway segments of 
I-4 in Orlando and Seminole, Florida. The study section is nearly 40 miles six- lane long 
corridor instrumented with 71 inductive loop detectors or stations located in both 
directions. Figure 4 shows a map of I-4, and the study is delineated by hatch lines. 
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Figure 4: Map of I -4 showing the study section 
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The corridor is covered with loop detectors spaced out at almost 0.5 miles in each 
direction. Every station reports three traffic parameters: volume, occupancy and speed. 
The dual loops at each lane permit speed measurements by dividing the distance between 
the two loops over the time difference between the actuation of the upstream and 
downstream loop detectors. The current system supports data resolution of 30 seconds. 
These measurements were compiled into an SQL server that supports web applications 
such as real- time travel time predictions. The location of the all the loop detectors is 
given in Table 1.  
3.2 Accident Data Description 
 The Maitland Police Department accident data sets for the year 1999 were used in 
this study.  The study months were from January to November, a total of eleven months. 
Out of the 320 total accidents, only 167 accidents reported were considered as accidents 
which caused congestion, the rest were excluded being too small accidents or rather 
incidents which didn’t have an affect on the traffic. A typical sample file of accident 
database is shown in table 2. The table contains six variables. They are crash date, day, 
crash time, location of the crash, accident information source and the nearest node in the 
network at which the accident took place. The decision of whether the accident caused 
congestion or not was based on thorough visual observation of the traffic conditions 
before and after the accident, with the help of I-4 Real- Time Traffic Information website 
(www.trafficinfo.org ). This web site provides real time and archived data for the I -4 
freeway.  A typical sample of the site is shown in the Appendix A.  
 For example, an accident occurred at 1:25 PM on 9th June 1999 between stations 
39 and 40 in the east bound direction. Traffic conditions for the accident are obtained by 
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describing the event with relevant input information needed. The information is filled out 
in a web application which is available on the web site. The required information 
includes the station number, date and time as shown in figure 5. The table 3 shows the 
traffic conditions obtained as the output for the accident described above.  
Table 1: Location of loop detectors stations at the study section 
 
2. West of 192  37. Camera 29  
3. West of 192  38. Church St.  
4. At US 192  40. Robinson  
5. West of Osceola Park  41. At SR 50  
6. East of Osceola Park  42. At Ivanhoe  
7. SR 536  43. Princeton  
8. East of SR 536  44. Winter Pk.  
9. West of SR 535 45. At Par Ave.  
10. West of SR 535  46. Minnesota  
11. SR 535  47. At SR 426 
12. West of Rest Area  48. Site 1393  
13. Rest Area  49. At Lee Rd.  
14. West of Central Florida Pkwy  50. East of Lee Rd.  
15. At Central Florida Pkwy  51. At Kennedy  
16. 528 EB Ramp  52. 414 EB Ramp 
17. 528 WB Ramp  53. East of SR 414  
18. West of 482  54. At Wymore  
19. West of 482  55. East of Wymore  
20. At SR 482  56. West of SR 436  
21. West of 435  57. At SR 436  
22. West of 435  58. West of SR 434  
23. At SR 435  59. West of SR 434  
24. 435 WB Ramp  60. At SR 434  
25. At Turnpike  61. 434 Ent Ramp  
26. Turnpike WB Ramp  62. 434 Ext Ramp  
27. Camera 21  63. West of EEWill  
28. West of John Young Parkway   64. East of EEWill  
29. West of John Young Parkway  65. Rest Area  
30. At John Young Parkway  66. East of Rest Area  
31. East of John Young Parkway 67. West of Lake Mary Blvd.  
32. Rio Grande  68. West of Lake Mary Blvd.  
33. At Orange Blossom Trail  69. At Lake Mary  
34. Michigan  70. At Lake Mary  
35. At Kaley  71. East of Lake Mary Blvd.  
36. Camera 28   
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Table 2: Typical sample of accident data base file 
Date Day 
Crash 





01/03/99 Sunday 5:30 1000 ft S Kirkman, EBO MPD 22 
01/03/99 Sunday 12:42 1/10 Mile E Michigan, WBO MPD 35 
01/05/99 Tuesday 6:35 1/4 Mile W SR 500, WBO MPD 33 
01/05/99 Tuesday 15:55 350 ft N Kaley, EBO MPD 34 
01/05/99 Tuesday 16:05 600 ft N SR 50, EBO MPD 41 
01/05/99 Tuesday 16:57 100 ft N Kaley, WBO MPD 35 
01/05/99 Tuesday 18:15 300 ft N Ivanhoe, EBO MPD 41 
01/06/99 Wednesday 15:55 300 ft E Ivanhoe, EBO MPD 41 
01/06/99 Wednesday 16:47 500 ft S SR 50, WBO MPD 41 
01/06/99 Wednesday 18:07 1000 ft W Robinson, E MPD 39 
01/06/99 Wednesday 18:35 Kaley, EBO MPD 34 
01/07/99 Thursday 15:30 300 ft N SR, 50, EBO MPD 41 
01/07/99 Thursday 15:30 250 ft N SR 50, EBO MPD 41 
01/07/99 Thursday 15:30 1/4 Mile W Kaley, EBO MPD 34 
01/08/99 Friday 6:30 1.5 Mile N FL Turnpike, WBO MPD 27 
01/08/99 Friday 7:45 200 ft S SR 408, EBO MPD 36 
                   
 
 
Historical Speed Information 
Station 40. Robinson (1195+00) 
Tuesday, November 09, 1999 










Time Interval:  5 Minutes  
Select Station:  40. Robinson (1195+00)
 




Stations Downstream  
                                  Figure 5: Input form to obtain traffic conditions 
       In the 6/9/1999 accident, we have requested the traffic conditions from 20 minutes 
before and after the accident, and two stations before and after the station 39. The traffic 
conditions in the form of speed measurements are obtained as output. Similarly, traffic 
conditions in the form of occupancy and volume could be obtained as output.        
                    
 21 






[ 38 ] 
 
Station 
[ 39 ] 
 
Station 








      To  
    Time  
Speed. Speed Speed Speed Speed. 
1:05:00 PM  1:10:00 PM  57.6  55 59 51 53.6  
1:10:00 PM  1:15:00 PM  58.4  54 56 55.2 58.4  
1:15:00 PM  1:20:00 PM  58.3  54.2 57 52.2 58.3  
1:20:00 PM  1:25:00 PM  57.7  55.4 55.4 51.4 57.7  
1:25:00 PM  1:30:00 PM  59.1  55.1 55.1 53.1 57.1  
1:30:00 PM  1:35:00 PM  58.7  54.7 54.7 52.7 58.7  
1:35:00 PM  1:40:00 PM  57.1  53.9 53.9 50.9 57.1  
1:40:00 PM  1:45:00 PM  58.8  53.5 53.5 56.5 56.8  
1:45:00 PM  1:50:00 PM  57.3  55.8 55.8 55.8 54.3  
 
3.3 Verification of Accidents 
 All traffic accidents were associated with speed profiles to validate their time and 
location of occurrence. Verification of the accidents required seeking enough evidence of 
speed profiles along the upstream and downstream station, associated with a drop in 
speed at the upstream station. The verification had two objectives. The first objective is to 
disqualify all accidents that were classified as accident, but did not show any perceived 
effect on the traffic conditions at the given time and location. Second, was the 
determination of the exact time and location for each accident. In most of the cases, the 
reported time of the accident was a few minutes later than the actual accident time. The 
determination of the actual accident time was based on observing sudden significant 
change in occupancy and speed between upstream and downstream stations. 
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Figure 6:  Occupancy patterns for vehicular traffic at an accident location between 
stations 40 and 41 
 
 For illustration, figure 6 shows the occupancy patterns at station 39, station 40 
and station 41, before and after the reported accident time. This accident was reported 
between station 40 and station 41 in the westbound direction of I-4, where the station 
numbering decreases in the direction of travel. The figure shows that occupancy at the 
upstream station (41) increases from 14 to 22 for a period of 30 seconds or more. These 
statistics indicate that there might have been an accident. At the end of the verification 
process, the accident database was narrowed down to a total of 159 accidents. Also, they 
had all the historical information required. Other remaining accidents lacked some crucial 




















































Figure 7: Distribution of accidents in total weekdays during data collection 
3.4 Accident Data Characteristics 
 In this section, we discuss various types of accident distributions and their 
characteristics. The distributions include weekday, hourly and spatial distributions. 
3.4.1 Accident Distribution of Total Weekdays during the Data Collection 
 One of the accident characteristics is exhibited in terms of the number of 
accidents in weekdays during the data collection period on the freeway segment as shown 
in Figure 7. The highest number of accidents was on Fridays with 76 total accidents in 44 
weeks of data collection. An average of 2.36 accidents occurred every Friday which 
depicts a grave situation for the freeway traffic. Wednesday was second with 57 
accidents. Accident distribution in weekdays could also be helpful to estimate the loss of 




3.4.2 Accident Distribution for Hourly Duration 
  Another important accident characteristic is the distribution of accidents for 
hourly duration. Figure 8 shows the high frequency of accidents in the afternoon peak 
period (from 3:00 to 6:00 PM). Also, the eastbound accident frequency is higher than the 
westbound frequency in the afternoon peak period. Observation of the directional peaking 
































Figure 8: Hourly distribution of accidents by direction of traffic 
3.4.3 Spatial Distribution of Accidents 
 The spatial distribution of accidents for each direction is shown in Figure 9. The 
figure shows the proportion of accidents at each loop detector station to reveal high 
accident frequency areas of I - 4. High frequencies of accidents were observed at certain 

















































     
Stations  
Figure 9: Spatial distribution of the accidents by the direction of the traffic 
3.5 Characteristics of Traffic Measures 
 The basic descriptive statistics of traffic measures namely ASM, contrast and 
entropy are shown in the table 4. By observation, ASM has a range from 0 to 1 and 
contrast has the maximum variance implying large local disturbances. These disturbances 
could be attributed to weaving or merging of vehicles or could be due to accidents.                
                         Table 4: Descriptive statistics of ASM, contrast and entropy  
Description  ASM  CONT  ENT 
N of cases   65185  65185  65185 
Minimum   0.000  0.000  0.000 
Maximum   1.000  84.271  23.157 
Mean  0.253  4.233  2.089 
Standard Dev  0.261  10.277  1.485 
 
3.5.1 Traffic Measures Exhibit Normality Distribution 
 Normality distribution was exhibited by all three traffic measures. Likewise, the 
speed variable has also been observed to obey normality distribution. In figure 10 as 
stated, we observe contrast values, which were obeying a normal distribution for an 
accident. Similarly, ASM and entropy results obeyed normal distribution. In this regard, 







































Figure 10: Characteristics of Traffic Measures 
 
3.5.2 Comparison of Traffic Measures and Speed Profiles 
 
 Figure 11 shows the ASM and speed profiles considered for 50 minute traffic 
conditions for a one mile section. The figure quantifies the smoothness of traffic 
conditions over time in terms of ASM. As the ASM values range from 0 to 0.2 at 
beginning stages for most of the time period, we could recommend an average level of 
service. For instance, we could recommend LOS C for that particular period and length of 
section to describe the quality of the traffic conditions. The reason being, less ASM 
values depict high perturbations in traffic conditions. This is in a similar way to what we 
do for conventional measures such as density. Similarly, contrast and entropy profiles 
could be compared with speed profiles and measured in real time over a moving time-
space window as shown in Figure 11 and Figure 12, respectively. In the case of entropy, 
there is high randomness, which indicates a free flow condition on the freeway. The on-
line implementation of the second-order statistical measures can be accomplished by 
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defining a time-space window for traffic conditions, which can be updated with time. The 
spatial dimension should be the length of the section, where as time dimension could be 
selected arbitrarily. This allows us to track dynamic changes in ASM, contrast, and 
entropy over a defined section of the freeway. 
 
 





Figure 12 Comparison of Contrast and Speed Profiles 
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Figure 13 Comparison of Entropy and Speed Profiles 
 
3.5.3 Comparison of Precursory Traffic and Accident Occurrence  
  The three traffic measures could be used to explain the traffic and accident 
conditions in different ways. The ASM distribution for the whole data set and their 
corresponding range values and frequencies are shown in the figure 14 and table 5, 
respectively. The range 0.1 to 0.2 exists in a significant proportion, which indicates that 
there is always an existence of a transient stage that might convert into accident 
occurrence condition or which could remain stable as a precursory traffic condition. A 
certain procedure was used which helped in delineating the traffic conditions into 
precursory traffic conditions and accident occurrence condition. This procedure has been 
discussed in the next chapter. Similarly, the remaining to measures could be used to 
describe the traffic conditions and also to differentiate between precursory traffic 
condition and accident occurrence.  
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 Table 5: ASM distribution for the traffic conditions for the whole accident data set  
Serial  No Range Frequencies 
1 0.1-0.19 22268 
2 0.2-0.29 12589 
3 0.3-0.39 10515 
4 0.4-0.49 7399 
5 0.5-0.59 3079 
6 0.6-0.69 2086 
7 0.7-0.79 1578 
8 0.8-0.89 1231 
9 0.9-.99 837 





































  The purpose of this chapter is to briefly explain the crucial stages that were 
involved in the research study to achieve the objectives mentioned earlier in chapter one. 
The study plan typically began with the problem statement and study objectives.Then 
further proceeded with accident data analysis including distributions and their 
characteristics as explained in the third chapter. 
    
                                                Figure 15: Study methodology 
 Figure 15 shows the various stages involved in the research study. The 
methodology chapter mainly describes the tasks that were involved for preparing the 
Run-on file. With the help of Run-on file, the 15 minute-traffic contour maps could be 
Research Objectives 
Problem Statement 
Conclusion    
and Recommendations 
 
   Selection of Study Area 
 Accident Data Analysis  
Collection of Data  
Hypothesis testing of the two 
 conditions obtained 
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generated for the precursory traffic conditions and accident occurrence respectively. 
Comparison of these 15-minute traffic contour maps would enable us to better understand 
the performance of the freeway section. Additionally, from these traffic 15- minute traffic 
contour maps, extraction of properties like homogeneity, regularity and randomness 
could be achieved and a comparison of these values would also help in understanding the 
performance of the freeway section. 
4.1 The Run-on File 
 The objective of the Run-on file is to observe the performance of the freeway 
section at a particular location or length. With the help of the Run-on file, 15-minute 
traffic contour maps could be generated for precursory traffic conditions and the accident 
occurrence condition using either speed or occupancy profiles. This would enable us to 
compare these conditions more easily and understand the performance of the freeway 
section in a better way. The stages involved in the creation of the Run-on file are 
explained below. 
4.1.1 Extraction of Traffic Conditions  
  One of the first tasks in the making of the Run-on file involved the extraction of 
traffic conditions for the given accident location and time from historical traffic 
conditions database (SQL server) using SQL query language. The accident reported 
should have the minimum information:location, time of day, day of week, and month of 
the year to extract the traffic conditions. Traffic conditions were downloaded in and as 
delimited text format.  Historical traffic condition information could also be observed on 
the I-4 Real- Time Traffic Information website (www.traficinfo.org) but could not be 
downloaded in the compatible format, to run in the visual basic application. The visual 
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basic application was used to compute the values of performance measures. The SQL 
server and software were used for our research study, because there is more data 
compatibility in using it to extract the traffic conditions. 
4.1.2 Examine the Performance of the Freeway Section 
 A recent trend is the application of image analysis in transportation problems. 
Transportation researchers have applied image analysis in various fields. For example, in 
the area vehicular traffic; vehicle shape approximation has been carried out (Fung et al. 
2001). Also, the technology has been applied in the identification of vehicle types (Kogut 
and Trivedi 2001).  By applying this technology, performance of the freeway segment 
also could be achieved. Here, the aim is to evaluate the performance of the freeway in 
precursory traffic conditions and accident occurrence condition. This is achieved by 
delineating precursory traffic conditions from accident occurrence condition by applying 
the virtual time-space window frame, which is discussed in the next section. In the 
research study, traffic conditions were limited to 6 stations (4 miles) and 15 minutes for 
each accident to analyze performance of the freeway section. These dimensions are 
chosen so as to construct the traffic contour maps where performance monitoring of the 
freeway length has to be carried out. The spatial dimension is determined by the length of 
the freeway section where performance needs monitoring. Using contour maps with 
relatively small spatiotemporal dimensions e.g. four miles by 15 minutes leads to texture 
characterization at local levels, a scenario that is recommended for monitoring the local 
variations. The temporal dimension should not be less than 15 minutes to ensure that the 
constructed contour maps are large enough to support the calculations of the second order 
measure. 
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 The figure 16 shows the space- time domain for one of the accidents. In the 
figure, the accident had taken place at Station 25 at 7:10 am. Hence, we have considered 
stations 22, 23, and 24 before and 26, 27, and 28 after the accident, a total of 
approximately four miles as space domain to cover the reasonable freeway length to 
analyze the performance. Time domain was considered from 6:55 am till 7: 23 AM,as it 
represents 15 minutes period, the minimum time period required to derive the second 
order statistics measures. 
                   
                      
TIME ASM22 ASM23 ASM24   ASM25      ASM26 ASM27 ASM28 
6:55 0.134898 0.327959 0.203367 0.276123 0.198674 8.52E-02 0.244694 
6:56 0.153265 0.379796 0.217857 0.303469 0.21051 8.26E-02 0.290918 
6:57 0.163367 0.440204 0.220102 0.273674 0.21 8.26E-02 0.285612 
6:58 0.209898 0.565612 0.24949 0.295306 0.228571 9.43E-02 0.287449 
6:59 0.209898 0.67 0.316939 0.341735 0.281429 0.100306 0.298469 
7:00 0.186225 0.629286 0.310204 0.316633 0.29051 0.111531 0.295612 
7:01 0.165 0.531429 0.247041 0.291633 0.340714 0.116531 0.296225 
7:02 0.12051 0.393265 0.250816 0.292551 0.300306 0.112653 0.301735 
7:03 8.80E-02 0.295918 0.223469 0.270714 0.295714 0.125102 0.311327 
7:04 0.077245 0.276939 0.21898 0.257449 0.29 0.134796 0.320714 
7:05 7.32E-02 0.23 0.19398 0.26551 0.292143 0.128163 0.313163 
7:06 0.077245 0.224592 0.185714 0.257245 0.293367 0.120918 0.306837 
7:07 7.32E-02 0.230408 0.18551 0.256123 0.305612 0.119286 0.301735 
7:08 6.63E-02 0.228367 0.183571 0.246633 0.307143 0.125 0.300306 
7:09 7.32E-02 0.242347 0.178469 0.237653 0.320714 0.140612 0.308469 
7:10 6.63E-02 0.234694 0.205612 0.246429 0.310408 0.146837 0.305816 
7:11 6.50E-02 0.235714 0.206837 0.275 0.287551 0.142857 0.318878 
7:12 6.34E-02 0.239796 0.217755 0.278163 0.270816 0.161225 0.338469 
7:13 6.30E-02 0.243571 0.218367 0.281939 0.25898 0.155306 0.332959 
7:14 6.54E-02 0.253367 0.224694 0.262347 0.252041 0.150612 0.327857 
7:15 6.54E-02 0.21949 0.224694 0.330204 0.252959 0.147143 0.323163 
7:16 6.54E-02 0.190714 0.192857 0.355408 0.261429 0.173061 0.344388 
7:17 6.47E-02 0.167143 0.160714 0.343571 0.238878 0.156735 0.344388 
7:18 6.47E-02 0.172857 0.165612 0.320408 0.247551 0.155306 0.33949 
7:19 6.54E-02 0.178163 0.150816 0.360204 0.281429 0.154694 0.335 
7:20 6.30E-02 0.17449 0.141429 0.401225 0.336531 0.175306 0.330918 
7:21 6.30E-02 0.181735 0.143061 0.384388 0.361939 0.171123 0.349694 
7:22 6.76E-02 0.170714 0.122143 0.288878 0.327245 0.146837 0.338469 
7:23 7.85E-02 0.193265 0.122041 0.264184 0.307347 0.13949 0.328469 
 
Figure 16: Space- time domain for the accident 
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 The purpose of using traffic data from adjacent locations was to capture spatial 
variations in traffic conditions. A typical sample file describing the traffic measures 
before and after the accident is shown in the appendix B.  
4.1.3 Application of Virtual Window Frame and Its Movement 
   In this stage, the procedure for applying the virtual window is described. The 
aim is to construct the traffic speed contour maps for precursory traffic and accident 
occurrence conditions by delineating these conditions. For this purpose, the analysis 
starts with defining and applying the 5 minute time and 3 stations space window frame.  
The window and its movement can be observed in figure 18. The main objective of the 
movement is to capture the specific accident occurrence speed (occupancy) profiles and 
to delineate them from precursory traffic conditions. This would capture the local 
variations in the freeway section. Additionally, with the same objective; performance 
measures profiles could be delineated. The window is a virtual time –space frame with 3 
stations as its length and 5 minutes as its width. The dimensions have been selected to 
achieve the objective described before in this section. The movement of the window is of 
special importance. The movement was carried out as shown in figure 17. The movement 
is with respect to the accident recorded station. The window frame moves simultaneously 
with a 1- minute and one station interval horizontally to the right, till 5 minutes and 3 
stations are covered. In other words, as long as one edge of the window is attached to  the 
accident recorded station, the movement continues. Later, the same procedure is carried 
out vertically downwards. 
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   In the figure 17, a typical demonstration for the movement of the window is 
shown along the average values of speed profiles. Accident has occurred between stations 
37 and 38 at 18:11. In its first stage, the window would start at 18:11 and cover till 18:08, 
then move along the horizontal direction till it covers station 38. In the next stage, it 
would cover 18:09 and Station 39. This process continues as long as one edge of the 
window is attached to accident recorded station i.e. station 37. All the speed profiles 
which come under the window were considered as accident occurrence speed profiles and 
thus constituted the accident 15-minute traffic speed contour map and rest considered as 
precursory  and thus constituted the 15-minute precursory condition traffic speed contour 
map. Typical sample files of the two conditions are shown in appendices C and D. Thus, 
this procedure involved the construction of precursory traffic condition and accident 
occurrence speed contour maps. 
 
                                    Figure 17: Movement of the virtual window 
 
 
               
TIME AVG35 AVG36 AVG37 AVG38 AVG39 AVG40 AVG41 
18:02 0.317143 0.155714 0.225918 9.88E-02 9.02E-02 0.221939 0.27 
18:03 0 0 0 0 0 0.177959 0.239694 
18:04 0 0 0 0 0 0.169286 0.270918 
18:05 0 0 0 0 0 0.152449 0.239694 
18:06       0 0 0.151735 0.219388 
18:07           0.149184 0.182347 
18:08           0.135306 0.172959 
18:09           0.122857 0.167551 
18:10           0.118265 0.138265 
18:11           0.13 0.139796 
18:12 0 0 0 0 0 0.138469 0.165408 
18:13 0 0 0 0 0 0.112959 0.157551 
18:14 0 0 0 0 0 0.126225 0.162245 
18:15 0 0 0 0 0 0.113571 0.151939 
 36 
4.1.4 The End Product- The Run-on File   
 To get a clear understanding of performance of the whole freeway study section, 
one large Run-on file was created in excel, which includes all the traffic conditions for 
the whole study period for all the 167 accidents. The Run-on file contained one minute 
distributions of traffic speed profiles and traffic performance measures for precursory 
conditions and accident occurrences. With the help of the Run-on file 15-minute spatial 
traffic speed contour maps could be created for precursory and accident conditions. Thus, 
comparison of these contour maps would help understand the precursory conditions 
which might have lead to accident occurrence. Figure 18 shows a part of the Run-on file. 
The variables in the Run-on file are time, Group (0 or 1), ASM, contrast, entropy, 
accident number and date of accident respectively. 
Group 0: Accident occurrence condition traffic speed contour maps could be created. 
 Group 1: Precursory traffic condition traffic speed contour maps could be created. 
 
Figure 18: Part of Run-on file 
TIME        GR_X         STA ASM CONT ENT  ACC No ACC DA 
10:55 0 36 0.256327 0.828571 2.329642 9 4/8/1999 
10:56 0 36 0.227245 0.9 2.404899 9 4/8/1999 
10:57 0 36 0.27102 0.828571 2.23168 9 4/8/1999 
10:58 0 36 0.242347 1.014286 2.398674 9 4/8/1999 
10:59 0 36 0.202755 1.1 2.531248 9 4/8/1999 
11:00 0 36 0.171939 1.142857 2.748202 9 4/8/1999 
11:01 0 36 0.177755 1.085714 2.721153 9 4/8/1999 
11:02 0 36 0.181429 1.042857 2.699238 9 4/8/1999 
11:03 0 36 0.167143 1.028571 2.808968 9 4/8/1999 
11:04 0 36 0.161123 1.142857 2.850096 9 4/8/1999 
11:05 0 36 0.166429 1.557143 2.962965 9 4/8/1999 
11:06 0 36 0 0 0 9 4/8/1999 
11:07 0 36 0 0 0 9 4/8/1999 
11:08 0 36 0 0 0 9 4/8/1999 







Figure 19:  Run -on file based comparison for the normal and accident cond ition 
 A typical sample of the Run-on file is shown in the Appendix E. The original 
Run- on file has in total 65186 rows of an excel file with the grouping column 
(GR_X).The grouping column distinguishes the Run-on file into two traffic conditions 
using 0 and 1 values. A simple comparison for the precursory traffic condition and 
accident occurrence condition based the Run-on file is shown in the figure 19. It is 
evident from the figure that accident conditions have a smaller count than the precursory 
traffic condition. The reason being precursory traffic conditions are more prevalent than 
the accident occurrence condition. Systat 10, a statistics software package, was used to 







   0 -Normal traffic condition 






 5.1 Statistical Testing 
 The purpose of the statistical testing is to test whether or not there exists a 
considerable difference in the precursory traffic conditions and accident occurrence 
condition in terms of traffic measure values. In other words, conclusion that an accident 
occurrence condition might have come into existence due certain traffic conditions like 
speed and volume of the vehicular traffic which might have affected driver’s driving 
abilities, eventually leading to an accident could be assessed. It thus would show a 
relationship between accident occurrence and the precursory traffic condition.  
 When the objective is to test for a significant difference between two independent 
groups, the most often used non-parametric procedure is the Kruskal-Wallis test. The 
other method of analysis is the two-sample Kolmogorov-Smirnov test which would be 
discussed later. 
5.1.1 Kruskal-Wallis One-Way Analysis 
 In the Kruskal-Wallis test, the values of a variable are transformed to ranks 
(ignoring group membership) to test that there is no shift in the center of the groups (that 
is, the centers do not differ). But when there are only two groups, this procedure reduces 
to the Mann-Whitney test, the nonparametric analog of the two-sample t-test. The Mann-
Whitney test focuses on the median as the measure of central tendency. When the two 
sampled populations are symmetric, conclusions about their medians based on the Mann- 
Whitney test also applies to their means. If the Mann-Whitney U test statistic (U) is large, 
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the null hypothesis is rejected. The test results for the three traffic measures are given 
below for an accident on 23rd April 1999 as an example. The remaining results 
concerning other accidents are shown in table 8. 
5.1.1.1 The Mann-Whitney Test -Variable- ASM 
Total Count: 554 
Dependent variable is ASM 
Grouping variable is Group_x 
 Group       Count   Rank 
  0              459   120358.000 
  1               95   33377.000 
Mann-Whitney U test statistic =    14788.000 
 Considering the ASM variable, the large value of Mann-Whitney U test statistics 
makes the rejection of null hypothesis, which states that the two samples (two traffic 
conditions) are the same. Thus, the two samples are different. 
5.1.1.2 The Mann-Whitney Test – Variable: Contrast 
Total count : 554 
Dependent variable is Contrast 
Grouping variable is Group_x 
 Group       Count   Rank  
  0              459   122054.500 
  1               95     31680.500 
Mann-Whitney U test statistic =    16484.500 
 Considering the contrast variable, the large value of Mann-Whitney U test 
statistics makes the rejection of the null hypothesis, which states that the two samples 
(two traffic conditions) are the same. Thus, the two samples are different. 
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5.1.1.3 The Mann-Whitney Test – Variable: Entropy 
 Total count: 554 
 Dependent variable is Entropy 
 Grouping variable is Group_x 
Group       Count   Rank  
  0              459   129363.000 
  1               95    24371.000 
Mann-Whitney U test statistic =    23793.500 
 Considering the entropy variable, the large value of Mann-Whitney U test statistic 
makes the rejection of the null hypothesis, which states that the two samples (two traffic 
conditions) are the same. Thus, the two samples are different. 
  In other words, accident occurrence condition might have come into existence 
due certain traffic conditions like speed and volume of the vehicular traffic which might 
have affected driver’s driving abilities, eventually leading to an accident. It thus shows a 
relationship between accident occurrence and the prevailing traffic condition. 
5.1.2 Kolmogorov-Smirnov Test 
 The other method of analysis is the two-sample Kolmogorov-Smirnov test. The 
two-sample Kolmogorov-Smirnov test measures the differences of a single variable 
across two groups. The two-sample Kolmogorov-Smirnov test verifies whether two 
independent samples come from the same distribution by comparing the two samples 
with a measure known as maximum distance difference “D” at a specified significance 
level(0.01 significance level). The larger the D value, the larger the differences between 
the two groups.  
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 Considering null hypothesis (H0) as groups are same and alternative hypothesis as 
(H1) groups are different, we proceed with the test. Kolmogorov-Smirnov two-sample 
test assumes that there will be a rejection at the critical maximum distance difference of 
D=0.05. Rejection of the null hypothesis takes place when the value is greater than 0.05. 
Results for the accident which took place on 10th May 1999 are given below. The 
remaining results concerning other accidents are shown in table 9.  
5.1.2.1 Kolmogorov-Smirnov Two Sample Test-Variable: ASM 
     Group_x (2 levels) 
          0,        1 
Maximum differences for pairs of groups 
                      0             1 
   0           0.000         - (Negative distance is neglected) 
   1           0.323       0.000 
   
 The maximum differences is more than the standard critical value d= 0.05. Thus, 
the null hypothesis is rejected and the alternative hypothesis is accepted which states that 
the two groups differ significantly in ASM values  
5.1.2.2 Kolmogorov-Smirnov Two Sample Test-Variable: Contrast 
Group _x (2 levels) 
 0, 1 
Maximum differences for pairs of groups 
                   0                  1 
 0           0.000             - (Negative distance is neglected) 
1           0.432            0.000 
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The maximum difference is more than the standard critical value d= 0.05 .Thus, the null 
hypothesis is rejected and alternative hypothesis is accepted which states that the two 
groups differ significantly in contrast values.  
 
5.1.2.3 Kolmogorov-Smirnov Two Sample Test-Variable: Entropy 
Group _x (2 levels)  
 0, 1 
Maximum differences for pairs of groups 
0           0.000             - (Negative distance is neglected) 
1           0.229            0.000 
 
 The maximum differences is more than the standard critical value d= 0.05 .Thus, 
the null hypothesis is rejected and the alternative hypothesis is accepted which states that 
the two groups differ significantly in entropy values. Appendices G and F include results 
in detail for one more accident by both methods.  
 It thus shows a relationship between accident occurrence and the precursory 
traffic condition as both are different groups. In other words, accident occurrence 
condition might have come into existence due certain traffic conditions like speed and 
volume of the vehicular traffic which might have affected driver’s driving abilities, 
eventually leading to an accident. It thus shows a relationship between accident 

























1 01/15/99 8413.000 26690.500 23669.500 
2 01/15/99 10321.000 23720.500 24217.000 
3 01/15/99 62661.500 26255.000 36731.000 
4 01/15/99 12069.000 24175.500 23837.500 
5 01/16/99 18343.500 12427.000 17165.000 
6 01/16/99 10443.000 27378.000 24192.500 
7 01/18/99 11166.500 24122.000 28691.500 
8 01/18/99 18741.000 16812.000 15734.000 
9 01/18/99 19239.000 14490.500 15433.500 
10 01/18/99 10787.000 23039.000 24405.000 
11 02/09/99 14657.000 22975.500 20447.000 
12 02/09/99 13558.000 22300.500 22215.000 
13 02/10/99 16745.500 18210.000 18813.500 
14 02/19/99   6720.500 18593.500 26907.000 
15 02/20/99 10122.500 18244.500 23459.000 
16 02/20/99 11301.500 23597.000 25571.500 
17 02/22/99 14450.000 17234.500 26068.500 
18 02/22/99 16184.500 17711.500 22366.500 
19 02/24/99 8509.500 27492.500 28163.500 
20 02/25/99 10639.0 22052.000 24297.000 
21 02/25/99 22220.000 15052.500 17302.000 
22 02/27/99 11971.000 21770.000 20963.000 
23 03/01/99 15667.000 18016.000 17673.500 
24 03/02/99 12010.500 19384.500 21477.500 
25 03/02/99 25210.500 18408.500 23724.500 
26 03/03/99 20988.500 12728.000 14712.000 
27 03/03/99 13112.000 20587.500 22655.000 
28 03/04/99 14891.000 27229.000 21745.000 
29 03/04/99 14804.500 21432.000 20107.500 
30 03/06/99 17706.000 11923.000 17648.000 












31 03/07/99 21854.000 12381.000 12853.000 
32 03/07/99 7290.000 27344.000 28421.500 
33 04/01/99 14285.000 18609.000 18845.000 
34 04/01/99 15383.500 13242.500 11281.000 
35 04/01/99 21978.000   6820.000   4957.000 
36 04/01/99 15606.000 13982.500 16645.000 
37 04/02/99 40902.000 33933.000 22171.000 
38 04/03/99 23370.000 7349.500 7878.000 
39 04/04/99 13568.500 7349.500 17588.500 
40 04/04/99 11996.000 19476.500 21923.000 
41 04/06/99 15502.000 23397.500 23319.500 
42 04/06/99 29736.000 5305.500 4296.000 
43 04/06/99 13395.000 25569.500 24864.500 
44 04/17/99 21810.000 14435.500 14903.500 
45 04/17/99 12400.500 26102.500 25811.500 
46 04/17/99 20123.500 13810.000 14665.000 
47 04/18/99 28583.500 7418.000   6031.000 
48 04/18/99 18633.000 41398.500 55932.000 
49 04/19/99 27938.000 11717.000   6165.000 
50 04/20/99 10819.000 25173.500 25466.000 
51 04/21/99 22306.000 19389.500 15551.000 
52 04/22/99 23881.500 12800.500 9428.000 
53 05/01/99 21936.500 15354.000 12326.000 
54 05/04/99 28880.500   6519.500   5696.000 
55 05/04/99 17873.000 19775.500 16711.000 
56 05/07/99 11504.000 27479.000 25414.000 
57 05/08/99 13071.500 22034.500 22741.500 
58 05/09/99 10022.500 29070.000 29070.000 
59 05/09/99 21257.500 10327.500 14202.500 
60 05/10/99 18042.000 22417.000 17538.000 
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Maximum differences  “D” 













1 01/15/99 0.207 0.357 0.516 
2 01/15/99 0.196 0.386 0.584 
3 01/15/99 0.275 0.407 0.207 
4 01/15/99 0.531 0.243 0.436 
5 01/16/99 0.329 0.355 0.206 
6 01/16/99 0.304 0.351 0.422 
7 01/18/99 0.373 0.156 0.397 
8 01/18/99 0.458 0.253 0.207 
9 01/18/99 0.295 0.263 0.203 
10 01/18/99 0.319 0.2377 0.423 
11 02/09/99 0.516 0.231 0.336 
12 02/09/99 0.584 0.3 0.439 
13 02/10/99 0.207 0.207 0.24 
14 02/19/99 0.436 0.351 0.56 
15 02/20/99 0.206 0.33 0.43 
16 02/20/99 0.422 0.285 0.515 
17 02/22/99 0.397 0.21 0.319 
18 02/22/99 0.207 0.231 0.295 
19 02/24/99 0.203 0.243 0.458 
20 02/25/99 0.423 0.207 0.373 
21 02/25/99 0.336 0.545 0.329 
22 02/27/99 0.439 0.324 0.304 
23 03/01/99 0.240 0.242 0.275 
24 03/02/99 0.560 0.337 0.531 
25 03/02/99 0.430 0.196 0.196 
26 03/03/99 0.515 0.298 0.207 
27 03/03/99 0.595 0.205 0.359 
28 03/04/99 0.207 0.358 0.312 
29 03/04/99 0.235 0.207 0.448 
30 03/06/99 0.448 0.417 0.235 
 
Maximum differences  ” D” 












31 03/07/99 0.312 0.443 0.461 
32 03/07/99 0.359 0.385 0.46 
33 04/01/99 0.185 0.081 0.119 
34 04/01/99 0.282 0.205 0.256 
35 04/01/99 0.207 0.523 0.624 
36 04/01/99 0.428 0.332 0.185 
37 04/02/99 0.190 0.259 0.391 
38 04/03/99 0.480 0.604 0.445 
39 04/04/99 0.279 0.268 0.22 
40 04/04/99 0.207 0.256 0.201 
41 04/06/99 0.540 0.297 0.342 
42 04/06/99 0.252 0.664 0.685 
43 04/06/99 0.247 0.259 0.228 
44 04/17/99 0.339 0.339 0.461 
45 04/17/99 0.334 0.517 0.45 
46 04/17/99 0.503 0.359 0.287 
47 04/18/99 0.449 0.544 0.652 
48 04/18/99 0.308 0.209 0.278 
49 04/19/99 0.315 0.523 0.675 
50 04/20/99 0.613 0.341 0.314 
51 04/21/99 0.209 0.298 0.33 
52 04/22/99 0.443 0.33 0.471 
53 05/01/99 0.447 0.445 0.435 
54 05/04/99 0.211 0.656 0.682 
55 05/04/99 0.479 0.298 0.298 
56 05/07/99 0.222 0.404 0.332 
57 05/08/99 0.515 0.205 0.246 
58 05/09/99 0383 0.333 0.333 
59 05/09/99 0.395 0.522 0.341 




This study proposed an approach to answer the question “whether or not the 
precursory traffic conditions leads to an accident occurrence”. If so, how bad are these 
precursory traffic conditions be with respect to traffic conditions? To achieve the 
solution, an approach involving 15 minute traffic speed contour maps was used. 
 For the accident analysis, a segment of the Interstate I- 4 was selected for which 
the accident data for the year 1999 was available. Out of the 320 total accidents, only 167 
accidents were considered as accidents which caused congestion, the remaining were 
either too small or rather incidents which did not affect the traffic and thus were 
discarded. We observed that the highest numbers of accidents were on Fridays for the 
whole data collection period with 76 total accidents. The frequency of accidents in the 
afternoon peak i.e. 3:00 P.M. to 6.00 P.M. periods was high compared to rest of the time 
period.  
 The methodology used in this study relied on the identification of a viable set of 
measures that is capable of extracting important features from spatiotemporal traffic 
contour maps. 15-minute traffic speed contour maps for precursory traffic conditions and 
accident occurrence condition were constructed to assess the performance of freeways in 
these conditions. Also from these maps extraction of properties like homogeneity, 
regularity and randomness for the given traffic condition could be achieved. Comparison 
of these properties for the two conditions would yield information which would help in 
better understanding the performance of the freeway. ASM as a measure of uniformity or 
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smoothness, contrast as a measure of local variations, and entropy as a measure of 
randomness were used.  
 Testing of Group 0 (precursory traffic conditions) and Group 1(accident 
occurrence condition) were conducted to discover if the two groups had differences. The 
results showed they were different. In other words, accident occurrence condition might 
have come into existence due certain traffic conditions like speed and volume of the 
vehicular traffic which might have affected driver’s driving abilities, eventually leading 
to an accident. It thus shows a relationship between accident occurrence and the 
precursory traffic conditions. 
  For this purpose; we started with the Mann-Whitney U test and then proceeded 
with another method known as Kolmogorov-Smirnov test. In case of Mann-Whitney U 
test, the large value of Mann-Whitney U test statistic made us to reject the null hypothesis 
that the two traffic conditions are same. Similarly the fact was once again proved with 
Kolmogorov-Smirnov test. In this test the maximum difference D value must be less than 
0.05 to accept the null hypothesis. After carrying out the test, conclusion that the null 
hypothesis should be rejected as the maximum difference D is greater than critical 
distance of 0.05 for all the three variables was assessed. 
  In this research, we have attempted overall to understand the performance 
of the freeway by observing the precursory traffic conditions and accident occurrence 
condition by using 15- minute traffic speed traffic contour maps and traffic performance 
measures. A discussion of new traffic performance measures for freeways was the 
starting point. Then; the performance of freeway section under both precursory traffic 
conditions and accident occurrence condition were examined by constructing the 15-
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minute traffic speed contour maps and at the end tests were carried out to examine if 
there exists a difference between accident occurrence condition and the precursory traffic 
conditions. 
  Additional research efforts with the remaining traffic measures like inverse 
difference could be carried to differentiate the precursory traffic conditions from the 
accident occurrence condition. Travelers and traffic managers in decision making would 
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WEBSITE WWW.TRAFFICINFO.ORG SAMPLE 
Your on-line source for dependable traffic information along I-4! 
 
 
Current Traffic Map 
 Current Eastbound Travel Time 
 Current Highway Speeds 
 Current Traffic Flow 
 Current Lane Occupancy 
 Predicted Travel Time 
 Historical Eastbound Travel Time 
 Historical Westbound Travel Time 
 Historical Traffic Data  
 
Historical Speed Information 
Station 40. Robinson (1195+00) 
Tuesday, November 09, 1999 
Starting 





























[ 35 ] 
 
Station 
[ 36 ] 
 
Station 
[ 37 ] 
 
Station 
[ 38 ] 
From 
Time  
 To  
    Time  
Speed. Speed Speed Speed 
1:05:00 PM  1:10:00 PM  57.6  55 59 51 
1:10:00 PM  1:15:00 PM  58.4  54 56 55.2 
1:15:00 PM  1:20:00 PM  58.3  54.2 57 52.2 
1:20:00 PM  1:25:00 PM  57.7  55.4 55.4 51.4 
1:25:00 PM  1:30:00 PM  59.1  55.1 55.1 53.1 
1:30:00 PM  1:35:00 PM  58.7  54.7 54.7 52.7 
1:35:00 PM  1:40:00 PM  57.1  53.9 53.9 50.9 
1:40:00 PM  1:45:00 PM  58.8  53.5 53.5 56.5 






TYPICAL SAMPLE OF TRAFFIC MEASURES 
 
            TIME AVG35 AVG36 VAR35 VAR36 ASM35 ASM36 
18:00 54.992 52.275 8.087588 9.932543 0.289007 0.136305 
18:01 55.217 52.4 8.687649 11.11466 0.317145 0.136483 
18:02 55.156 52.31667 8.275631 12.84023 0.314276 0.130751 
18:03 55.24766 52.13333 7.955024 17.37385 0.319865 0.137216 
18:04 54.97 51.79167 8.522854 19.35812 0.292944 0.139943 
18:05 54.75066 51.55833 8.301839 21.86933 0.276262 0.165155 
18:06 54.26467 50.80833 10.10029 23.5676 0.246273 0.140676 
18:07 53.759 50.11666 10.78891 26.63247 0.218298 0.119687 
18:08 53.17567 49.46667 10.30811 27.67126 0.205091 0.11617 
18:09 52.559 48.9 11.65091 26.57586 0.188508 0.106828 
18:10 52.17567 48.49166 11.94242 26.82967 0.184842 9.64E-02 
18:11 51.684 48.05833 9.114575 24.27881 0.21884 0.105425 
18:12 51.28933 47.8 7.701447 21.31638 0.258256 0.112481 
       
            TIME CON35 CON36 ENT35 ENT36   
18:00 0.573585 0.766038 2.294629 2.980098   
18:01 0.543396 0.762264 2.195594 2.979635   
18:02 0.516981 0.841509 2.175852 3.150378   
18:03 0.426415 0.860377 2.040102 3.155179   
18:04 0.426415 0.94717 2.084106 3.192281   
18:05 0.373585 0.958491 1.929495 3.025105   
18:06 0.445283 1.079245 2.196289 3.23985   
18:07 0.509434 1.260377 2.39767 3.549671   
18:08 0.54717 1.29434 2.527852 3.602967   
18:09 0.611321 1.267925 2.676689 3.666528   
18:10 0.615094 1.25283 2.720412 3.737143   
18:11 0.592453 1.25283 2.583 3.650507   
18:12 0.539623 1.120755 2.399909 3.528678   
 
 
Note: These are the values of traffic measures at stations 35 and 36. Also included,   








TYPICAL SAMPLE FOR PRECURSORY TRAFFIC  
 
               
TIME ASM35 ASM36 ASM37 ASM38 ASM39 ASM40 ASM41 ASM42 
18:00 0.285612 0.159592 0.26398 0.130612 0.123061 0.215102 0.185612 0.127347 
18:01 0.31051 0.16398 0.259898 0.108061 0.10898 0.222347 0.229082 0.17449 
18:02 0.317143 0.155714 0.225918 9.88E-02 9.02E-02 0.221939 0.27 0.23398 
18:03 0.317857 0.155714 0.206429 9.63E-02 7.82E-02 0.177959 0.239694 0.205408 
18:04 0.302347 0.154898 0.174286 9.49E-02 7.51E-02 0.169286 0.270918 0.233061 
18:05 0.28602 0.159388 0.157347 8.31E-02 7.01E-02 0.152449 0.239694 0.232449 
18:06 0.241837 0.146735 0.138265 0.067245 6.54E-02 0.151735 0.219388 0.218571 
18:07 0.207857 0.120102 0.114286 6.74E-02 6.66E-02 0.149184 0.182347 0.19449 
18:08 0.181123 0.111633 0.118571 6.33E-02 0.061735 0.135306 0.172959 0.172143 
18:09 0.163571 0.105306 0.135306 7.65E-02 6.07E-02 0.122857 0.167551 0.161123 
18:10 0.162857 0.10398 0.161633 8.57E-02 5.49E-02 0.118265 0.138265 0.143878 
18:11 0.180204 9.71E-02 0.200204 9.55E-02 5.58E-02 0.13 0.139796 0.137347 
18:12 0 0 0 0 0 0.138469 0.165408 0.141735 
18:13 0 0 0 0 0 0.112959 0.157551 0.151939 
18:14 0 0 0 0 0 0.126225 0.162245 0.141429 
18:15 0 0 0 0 0 0.113571 0.151939 0.148571 
18:16 0 0 0 0 0 0.124082 0.182347 0.155306 
18:17 0 0 0 0 0 0.143061 0.18051 0.147143 
18:18 0 0 0 0 0 0.157959 0.161225 0.140612 
18:19 0 0 0 0 0 0.151123 0.21449 0.156122 




Note:  Zeros have been placed instead of the traffic measures values as these cells had    


















TYPICAL SAMPLE OF ACCIDENT OCCURRENCE  
 
 
      Time ASM35 ASM36 ASM37 ASM38 ASM39 CON35 CON36  
18:12 0.2127551 0.111429 0.19602 0.109286 6.51E-02 0.8 1.885714  
18:13 0.2991837 0.133571 0.225 0.115816 6.51E-02 0.542857 1.442857  
18:14 0.3443878 0.142857 0.251531 0.116837 6.93E-02 0.5 1.257143  
18:15 0.3443878 0.154082 0.281735 0.120918 6.91E-02 0.5 1.057143  
18:16 0.4084694 0.153163 0.265714 0.126735 8.10E-02 0.442857 1.114286  
18:17 0.3839796 0.150714 0.279796 0.150306 9.10E-02 0.471429 1.085714  
18:18 0.3411224 0.156123 0.271429 0.149592 0.1009184 0.528571 1.171429  
18:19 0.3365306 0.151531 0.200714 0.136735 9.66E-02 0.514286 1.428571  
18:20 0.335 0.139796 0.184082 0.131531 0.1005102 0.5 1.328571  
18:21 0.3030612 0.156429 0.179796 0.111939 0.1030612 0.542857 1.114286  
18:22 0.2857143 0.177653 0.173571 0.111327 0.1036735 0.571429 1.085714  
18:23 0.2758163 0.176837 0.19898 9.39E-02 9.34E-02 0.585714 0.957143  
18:24 0.2665306 0.198163 0.210102 8.14E-02 8.06E-02 0.6 0.871429  
18:25 0.2532653 0.189082 0.185816 6.92E-02 7.01E-02 0.628571 1.157143  
18:26 0.2746939 0.181939 0.185306 6.71E-02 6.15E-02 0.6 1.385714  
18:27 0.2997959 0.176429 0.16551 0.057245 5.59E-02 0.571429 1.4  
18:28 0.2844898 0.178674 0.165 6.01E-02 5.09E-02 0.6 1.414286  
         
         
      Time CON37  CON38 CON39 ENT35 ENT36 ENT37 ENT38  
18:12 2.014286 2.342857 24.5 2.419774 3.451591 2.805015 2.805015  
18:13 1.771429 22.92857 22.95714 1.988923 3.090167 2.646681 3.50573  
18:14 1.571429 23.11429 23.12857 1.795836 2.996128 2.475723 3.497699  
18:15 1.371428 23.48572 23.45714 1.795836 2.856719 2.22836 3.432067  
18:16 1.4 23.6 23.48572 1.433415 2.820645 2.295256 3.172348  
18:17 1.128572 22.41429 22.5 1.561429 2.845068 2.103686 2.891262  
18:18 1.171429 22.55714 22.55714 1.740803 2.824851 2.142172 2.87138  
18:19 1.342857 22.65714 22.82857 1.812662 2.996602 2.678704 2.987132  
18:20 1.314286 22.47143 22.57143 1.860964 3.057127 2.750947 3.074705  
18:21 1.285714 22.85714 22.85714 1.966272 2.931298 2.867289 3.458264  
18:22 1.314286 23.51429 23.47143 2.020244 2.810201 2.926126 3.561201  
18:23 1.185714 22.98572 22.95714 2.055827 2.753954 2.772063 3.809972  












RUN-ON FILE FOR STATISTICAL ANALYSIS 
 
Time  Gr_   X Station   ASM  CONT  ENT Accid  Date 
         
'10:55' 0 36 0.25632 0.82857 2.32964 9 '4/8/1999' 
'10:56' 0 36 0.22724 0.9 2.40489 9 '4/8/1999' 
'10:57' 0 36 0.27102 0.82857 2.23168 9 '4/8/1999' 
'10:58' 0 36 0.24234 1.01428 2.39867 9 '4/8/1999' 
'10:59' 0 36 0.20275 1.1 2.53124 9 '4/8/1999' 
'11:00' 0 36 0.17193 1.14285 2.74820 9 '4/8/1999' 
'11:01' 0 36 0.17775 1.08571 2.72115 9 '4/8/1999' 
'11:02' 0 36 0.18142 1.04285 2.69923 9 '4/8/1999' 
'11:03' 0 36 0.16714 1.02857 2.80896 9 '4/8/1999' 
'11:04' 0 36 0.16112 1.14285 2.85009 9 '4/8/1999' 
'11:05' 0 36 0.16642 1.55714 2.96296 9 '4/8/1999' 
'11:06' 1 36 0 0 0 9 '4/8/1999' 
'11:07' 1 36 0 0 0 9 '4/8/1999' 
'11:08' 1 36 0 0 0 9 '4/8/1999' 
'11:09' 1 36 0 0 0 9 '4/8/1999' 
'11:10' 1 36 0 0 0 9 '4/8/1999' 
'11:11' 1 36 0 0 0 9 '4/8/1999' 
'11:12' 1 36 0 0 0 9 '4/8/1999' 
'11:13' 1 36 0 0 0 9 '4/8/1999' 
'11:14' 1 36 0 0 0 9 '4/8/1999' 
'11:15' 1 36 0 0 0 9 '4/8/1999' 
         
         
  Time        Gr_   X      Station      ASM     CONT     ENT        Accid           Date   
      
'14:56' 1 39 4.8E-02 14.5285 4.77061 24 '4/23/1999 
'14:57' 1 39 5.8E-02 15.2571 4.48724 24 '4/23/1999 
'14:58' 1 39 6.8E-02 14.7857 4.27233 24 '4/23/1999 
'14:59' 1 39 6.1E-02 14.1 4.36565 24 '4/23/199 
'15:00' 1 39 5.0E-02 12.1 4.57402 24 '4/23/1999 
'15:01' 1 39 4.5E-02 10.3857 4.69223 24 '4/23/1999 
'15:02' 1 39 4.2E-02 8.91428 4.78901 24 '4/23/1999 
'15:03' 1 39 3.6E-02 7.92857 5.00122 24 '4/23/1999 
'15:04' 1 39 3.7E-02 7.57142 4.96767 24 '4/23/1999 
'15:05' 1 39 5.0E-02 7.2 4.63794 24 '4/23/1999 
'15:06' 1 39 5.6E-02 6.31428 4.60844 24 '4/23/1999 
'15:07' 1 39 0 0 0 24 '4/23/1999 
 







KOLMOGOROV-SMIRNOV TWO SAMPLE TEST 
 
1. Variable: Entropy   
 
a) Accident No      =        9.000 
   Group_x (2 levels) 
          0, 1 
Maximum differences for pairs of groups  
                           0                    1 
             0           0.000 
             1           0.419       0.000 
 
b) Accident No      =       24.000  
   Group_x (2 levels) 
          0,        1 
 Maximum differences for pairs of groups  
                              0            1 
             0           0.000 
             1           0.268       0.000 
 
c)  Accident No      =       28.000 
    Group_x (2 levels) 
          0,   1 
 Maximum differences for pairs of groups  
                             0            1 
             0           0.000 
             1           0.229       0.000 
   
 
 
2. Variable: Contrast 
 
  a)  Accident No      =        9.000 
   Group-x(2 levels) 
          0,        1 
 Maximum differences for pairs of groups  
                              0            1 
             0           0.000 
             1           0.323       0.00 
 
b)Accident No=        5.000 
    Group_x (2 levels) 
          0,        1 
 Maximum differences for pairs of groups  
                           0            1 
             0           0.000 
             1           0.584       0.000 
   
c)  Accident No =   17.000 
       Group _x (2 levels) 
          0,        1 
 Maximum differences for pairs of groups  
                                0            1 
   
               0           0.000 
               1           0.207       0.000 



















KRUSKAL-WALLIS ANALYSIS  
 
1)Variable: ASM 
a) Accident No      =        9.000 
Group_x (2 levels) 
          0,        1 
  Group     Count   Rank Sum 
  
  0              459    123019.000 
  1               95     30716.000 
Mann-Whitney U test statistic =    17449.000 
 
 b) Accident No    =       24.000 
Group_x (2 levels) 
          0,        1 
 Group        Count   Rank Sum 
  
  0              459  120358.000 
  1               95   33377.000 
Mann-Whitney U test statistic =    14788.000 
 
c) Accident No    =       28.000 
Group_x (2 levels) 
          0,        1 
 Group       Count   Rank Sum 
  
  0              459  116804.500 
  1               95   36930.500 
Mann-Whitney U test statistic =    11234.500 
 
2. Variable: Entropy 
a) Accident  No      =        9.000 
     Group_x(2 levels) 
          0,        1 
Group       Count   Rank Sum 
  
  0              459  122926.000 
  1               95   30809.000 
Mann-Whitney U test statistic =    17356.000 
b)Accident No      =       17.000 
Group_x (2 levels) 
          0,        1 
Group       Count   Rank Sum 
  
  0              459  142301.000 
  1              275  127444.000 
 
Mann-Whitney U test statistic =    36731.000 
 
c)  Accident No      =       24.000 
    Group_x  (2 levels) 
          0,        1 
 Group       Count   Rank Sum 
  
  0              459  129363.500 
  1               95   24371.500 
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